ABSTRACr The diffusing capacity of the lung, or transfer factor, for carbon monoxide (TLco) was measured in 12 patients with polycythaemia rubra vera. This was significantly raised (mean 152% predicted, SEM + 14%) and remained so even after correction to a standard haemoglobin concentration of 14-6 g/dl (mean 139% predicted, SEM + 13%). Serial measurements of TLCO on two patients after treatment of polycythaemia rubra vera showed a greater fall in relation to haemoglobin concentration than would have been predicted on theoretical grounds if the increases in TLco had been due entirely to the increased haemoglobin concentration. The pulmonary capillary blood volume (estimated from TLco) also fell in these two patients after treatment. There was a strong correlation between TLco and the technetium-99m-labelled red cell volume for the seven men (r = 0.92; p < 0-01) and five women (r = 0.99; p < 0-001) when studies were performed on the same day. In patients with polycythaemia rubra vera who have no evidence of coexistent pulmonary disease the pulmonary capillary bed appears to share in the expansion of the body blood volume. The single-breath TLco test may act as a convenient and simple monitor for the response of the disease to treatment.
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The total lung diffusing capacity, or transfer factor, for carbon monoxide (TLco) is determined by the membrane-diffusing capacity (DM), the reaction rate of carbon monoxide with oxyhaemoglobin (0), and the pulmonary capillary blood volume (Vc). Roughton and Forster' proposed the equation
TLco DM 0.Vc to describe this relation. In polycythaemia rubra vera the increased haemoglobin concentration should result in an increase in the reaction rate of carbon monoxide with oxyhaemoglobin, which would lower the red cell resistance and increase the TLco. Early observations2 did not support this prediction but full methodological and clinical details were not given. Later workers have demonstrated an elevated TLCO.3 4 Both groups attributed the elevated diffusing capacity to the high haemoglobin concentration. We had observed that some patients with polycythaemia rubra vera had an elevated TLco even after correction for the high haemoglobin con-centration. In view of the work of Cotes et als and Clark et a!6 we now routinely correct to a standard haemoglobin concentration of 14-6 g/dl, using the equation: a (Hb) + Hb TLco (corr) = TLco (obs). (1 + a) . Hb j where a = DM/Vc ratio (assumed to be, 0.7), (Hb) = standard haemoglobin concentration (14-6 g/dl), and Hb = the actual haemoglobin concentration. We have therefore studied the TLco in patients with polycythaemia rubra vera and examined the response to treatment, with particular reference to the membrane conductance (DM) and pulmonary capillary blood volume (Vc).
Methods
Twelve patients (seven men and five women) were studied (table 1). Patients 1-7 were studied at first presentation or when they relapsed. Patients 8-12 were studied while receiving maintenance therapy 528 (venesection). The diagnosis of polycythaemia rubra breathing room air and 100% oxygen, so that DM vera was made on clinical and haematological and Vc could be calculated.' criteria.7 Pulmonary function tests and measureRed cell and plasma volumes-The red cell and ments of red cell and plasma volumes were per-plasma volumes were determined by the isotopic formed on all patients on the same day. tracer technique with "9mTc-labelled red cells and Pulmonary function tests-The one-second forced 125I-labelled albumin respectively. The results were expiratory volume (FEVy) and the slow vital capac-expressed with reference to standard predicted vality (VC) were measured on a dry spirometer. Total ues."I The measurements of red cell and plasma vollung capacity (TLC) was measured in a constant-umes were repeated on patients 1, 2, and 6 during a volume plethysmograph. Predicted values for VC 12-month period. and TLC were taken from Goldman and Becklake.8 Alveolar volume (VA) was determined by helium Results dilution during measurement of the standard single-breath diffusing capacity of the lung for car-Pulmonary function test results are shown in table 2.
bon monoxide as set out by Cotes.9 TLco was cor-VC, FEV,/Vc ratio, VA, and TLC were normal, but rected to a standard haemoglobin concentration TLco was significantly raised (mean 152% of pre-(14.6 g/dl) with the formula of Cotes et al5; pre-dicted, SEM + 14%). TLco remained raised even dicted values were taken from Bradley et al.'0 With after correction to a standard haemoglobin concenpatients 1 and 2 serial pulmonary function tests were tration (mean 139% of predicted, SEM + 13%).
carried out after treatment of the polycythaemia Individual results for red cell and plasma volumes rubra vera (by phosphorus-32 and venesection). In are shown in table 1. addition, TLco was estimated while they were A strong correlation was found between TLco at a greater rate in relation to the haemoglobin concentration than would be predicted from the isopleths corresponding to a constant DM and Vc. Although the haemoglobin correction factor assumes a DM/Vc ratio of 07, the correction factor changes by less than 5 % if the DM/Vc ratio is halved or doubled.
The Roughton-Forster equation' predicts that after a correction for the reaction rate (0) has been made, a further increase in TLCO must be due to an increase in the membrane conductance or capillary blood volume. On theoretical grounds an increase in Vc would seem the more likely explanation. Our data on changes in DM and Vc following treatment (fig 2) for patients 1 and 2 support this suggestion.
Should the pulmonary capillary bed be reduced by pulmonary vascular disease or emphysema, its capacity for expansion is likely to be reduced. In this case the TLCO (corrected) for haemoglobin concentration may show little or no increase when polycythaemia occurs. In one patient with polycythaemia rubra vera who had clinical and radiological'2 evidence of emphysema, the Vc was markedly reduced and did not change after treatment for his polycythaemia rubra vera (data not shown). The change in his TLCO after treatment was entirely explained by the change in haemoglobin concentration.
In patients with polycythaemia rubra vera who have no significant pulmonary disease the pulmonary capillary blood volume appears to share the expansion in overall blood volume. Thus the single-breath TLco test may act as a convenient and 
